The first total synthesis of lamellarin α 20-sulfate (1), a selective inhibitor of HIV-1 integrase, has been completed. The lamellarin α core in which 13-OH and 20-OH were differentially protected by isopropyl and benzyl groups, respectively, was constructed by using Hinsberg-type pyrrole synthesis and Suzuki-Miyaura coupling as the key reactions. The 20-sulfate was prepared by a sequence including debenzylation of 20-OBn, 2,2,2-trichloroethylsulfation of the resulting 20-OH, deprotection of 13-Oi-Pr, and final reductive cleavage of the 2,2,2-trichloroethyl ester.
14-phenyl-6H- [1] benzopyrano [4',3':4,5] pyrano [2,1-a] isoquinolin-6-one ring-system. 2 So far, over 30 lamellarins have been isolated from mollusks, tunicates, and sponges.
These alkaloids have received considerable attention as new leads for anticancer agents. 3 In 1999, Faulkner and coworkers discovered a series of lamellarin alkaloids exhibit selective inhibition of HIV-1 integrase. 4 Within the alkaloids tested, lamellarin A synthetic approach to lamellarin α 20-sulfate (1) was reported by Faulkner and coworkers in 2002. 5 They prepared lamellarin α (2) using an intramolecular 1,3-dipolar cycloaddition strategy developed by Banwell. 6 The pivotal lamellarin α core 4 in which 13-OH and 20-OH are differentially protected for the selective introduction of a sulfate group was constructed by a strategy developed in our laboratories. 9, 10 This includes Hinsberg-type pyrrole synthesis 11 and palladium-catalyzed Suzuki-Miyaura coupling 12 of the 3,4-dihydroxypyrrole bistriflate as the key reactions. The total synthesis of lamellarin α 20-sulfate (1) based upon this strategy is shown in the Scheme.
Alkylation of the commercially available 2-(3,4-dimethoxyphenyl)ethylamine (5) with 2.2 equiv. of methyl bromoacetate gave the iminodiacetate 6 in 91% yield. Hinsberg reaction of 6 with dimethyl oxalate under the conventional NaOMe/MeOH condtions 9, 11 provided 3,4-dihydroxypyrrole 7 in only 49% yield. However, the yield was greatly improved to 85% by carrying out the reaction in dry THF using sodium hydride as a base. 10 The spectroscopic data of the synthetic 1 17 were shown to be identical with those reported for the natural product. 4 It is noteworthy that the 1 H NMR absorptions of aromatic (H-5, 6, 7, 15, 16) and hydroxylic protons of 1 shift considerably depending on the concentration of the samples. 17 The 1 H NMR data of the synthetic 1 obtained at the low concentration (1.0 mg of 1 in 0.7 mL of DMSO-d 6 ) were found to be identical with those reported for the natural product.
In conclusion, we have achieved the first total synthesis of lamellarin α 20-sulfate (1) 
